The Resultant Positional Accuracy for the Orthophotos Obtained with Unmanned Aerial Vehicles (UAVs)  by Popescu, Gabriel et al.
 Agriculture and Agricultural Science Procedia  10 ( 2016 )  458 – 464 
2210-7843 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the University of Agronomic Sciences and Veterinary Medicine Bucharest
doi: 10.1016/j.aaspro.2016.09.016 
Available online at www.sciencedirect.com
ScienceDirect
WK,QWHUQDWLRQDO&RQIHUHQFH$JULFXOWXUHIRU/LIH/LIHIRU$JULFXOWXUH

7KHUHVXOWDQWSRVLWLRQDODFFXUDF\IRUWKHRUWKRSKRWRVREWDLQHG
ZLWK8QPDQQHG$HULDO9HKLFOHV8$9V
*DEULHO3RSHVFX'DQLHOD,RUGDQ9ODG3ăXQHVFX
University of Agronomic Sciences and Veterinary Medicine of Bucharest, 59 Marasti Blvd, District 1, Bucharest 011464, Romania 
$EVWUDFW
7KLVDUWLFOHLQWURGXFHVWKHIXQGDPHQWDOVRISRVLWLRQDODFFXUDF\WRKHOSQHZSUDFWLWLRQHUVSURYLGHWKHVHVHUYLFHVFRQVLVWHQWZLWK
SURIHVVLRQDODFFXUDF\VWDQGDUGV7\SLFDOSURGXFWVOLNHRUWKRSKRWRVGLJLWDOHOHYDWLRQPRGHOV'(0FRQWRXUVFURVVVHFWLRQVDQG
'PRGHOV GHSHQGRQ WKLV XQGHUVWDQGLQJ RI WKH IXQGDPHQWDOV RI SKRWRJUDPPHWU\ UHPRWH VHQVLQJ*166 DQGPDSSLQJ 3RRU
RSHUDWLRQRIWKHEHVWXQPDQQHGDHULDOYHKLFOH8$9FDQYLWLDWHWKHSRVLWLRQDODFFXUDF\RIDGHOLYHUDEOH,IDGURQHPDQXIDFWXUHU
FODLPVWKHLUFDPHUDLVDFFXUDWHWRWZRSL[HOVIRUDQ\JLYHQJURXQGVDPSOHGLVWDQFH*6'WKHUHVXOWDQWSRVLWLRQDODFFXUDF\IRU
WKHRUWKRSKRWRVLVGHSHQGHQWRQHDFKRIWKHIDFWRUVGHVFULEHLQWKLVSDSHU7KHSDSHUDLPHGWRSUHVHQWDOLVWRIHUURUVRXUFHVDQG
GHVFULEHWKHPDMRUFRQWULEXWRUVRIHUURUIRUSRVLWLRQDODFFXUDF\ZLWKSUDFWLFDOH[DPSOHVXVLQJQHZ$6356VWDQGDUG³*HRVSDWLDO
'DWD $FFXUDF\ DQG WKH 1HZ0DSSLQJ $FFXUDF\ 6WDQGDUG´ :H FRQVLGHU WR SUHVHQW IHZ LPSRUWDQW FRQVLGHUDWLRQV DERXW WKH
UHVXOWDQWSRVLWLRQDODFFXUDF\IRUWKHRUWKRSKRWRVREWDLQHGZLWKXQPDQQHGDHULDOYHKLFOHV8$9VXVLQJWKHQHZVWDQGDUGRIWKH
$PHULFDQ 6RFLHW\ RI 3KRWRJUDPPHWU\ DQG 5HPRWH 6HQVLQJ $6356 ZKLFK LV WKHPDMRU VWDQGDUGV ERG\ IRU WKLV SURIHVVLRQ
3RVLWLRQDODFFXUDF\PHDQV WKHDFFXUDF\RI WKHSRVLWLRQRI IHDWXUHV LQFOXGLQJKRUL]RQWDODQGYHUWLFDOSRVLWLRQVZLWK UHVSHFW WR
KRUL]RQWDO DQG YHUWLFDO GDWXPV DQG DV D FRQFOXVLRQ SRVLWLRQDO DFFXUDF\ IRU WKH RUWKRSKRWRV REWDLQHG ZLWK XQPDQQHG DHULDO
YHKLFOHV 8$9V LVDSURGXFWRI WKHHQWLUHGURQHV\VWHPDLUFUDIW VHQVRUVRSHUDWLRQDQGSURFHVVLQJVRIWZDUHQRWDQ\VLQJOH
FRPSRQHQW$QRWKHUFRQFOXVLRQLVWKDWWRGD\IO\LQJD8$9ZLWKDQRQPHWULFFDPHUDDQGZLWKRXWDQ\JURXQGFRQWUROSRLQWVLW
LVLPSRVVLEOHWRDFKLHYHDKLJKOHYHORISRVLWLRQDODFFXUDF\

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH8QLYHUVLW\RI$JURQRPLF6FLHQFHVDQG9HWHULQDU\0HGLFLQH%XFKDUHVW

Keywords:*166PDSSLQJSKRWRJUDPPHWU\UHPRWHVHQVLQJ8$9


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address: JDEULHOSRSHVFX#ILILPUR
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the University of Agronomic Sciences and Veterinary Medicine Bucharest
459 Gabriel Popescu et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  458 – 464 
,QWURGXFWLRQ
,QQRZDGD\VPDQ\QHZSUDFWLWLRQHUV DUHEX\LQJGURQHV DQGSURYLGHZLWK WKHP VHUYLFHV DQGGDWD IRU WKH ILUVW
WLPH0XFKEXWQRWDOORIWKHVFLHQFHDQGDUWRISKRWRJUDPPHWU\LVQRZFRGHGRQDFKLS7KHVHDGYDQFHPHQWVHQDEOH
QHZSUDFWLWLRQHUVWRSURYLGHDJUHDWHUDUUD\RIVHUYLFHVWRQHZDQGH[LVWLQJPDUNHWVWKDQHYHUEHIRUHDQGWRIRVWHUWKH
PLVFRQFHSWLRQWKDW³DQ\RQHFDQGRLW´
,QWKHSDVWWZRGHFDGHVGXULQJWKHWUDQVLWLRQSHULRGEHWZHHQWKHKDUGFRS\DQGVRIWFRS\PDSSLQJHQYLURQPHQWV
PRVW VWDQGDUG PHDVXUHV IRU UHODWLQJ *6' DQG PDS VFDOH WR WKH ILQDO PDSSLQJ DFFXUDF\ ZHUH LQKHULWHG IURP
SKRWRJUDPPHWULF SUDFWLFHV XVLQJ VFDQQHG ILOP 1HZ PDSSLQJ SURFHVVHV DQG PHWKRGRORJLHV KDYH EHFRPH PXFK
PRUH VRSKLVWLFDWHG ZLWK DGYDQFHV LQ WHFKQRORJ\ DQG DGYDQFHV LQ RXU NQRZOHGJH RI PDSSLQJ SURFHVVHV DQG
PDWKHPDWLFDO PRGHOLQJ 0DSSLQJ DFFXUDF\ FDQ QR ORQJHU EH DVVRFLDWHG ZLWK WKH FDPHUD JHRPHWU\ DQG IO\LQJ
DOWLWXGHDORQHIRFDOOHQJWK[S\S%+UDWLRHWF
1HZPDSDFFXUDF\LVLQIOXHQFHGE\PDQ\IDFWRUVVXFKDV
 WKHTXDOLW\RIFDPHUDFDOLEUDWLRQSDUDPHWHUV
 TXDOLW\DQGVL]HRID&KDUJHG&RXSOHG'HYLFH&&'XVHGLQWKHGLJLWDOFDPHUD&&'DUUD\
 DPRXQWRILPDJHU\RYHUODS
 TXDOLW\RISDUDOOD[GHWHUPLQDWLRQRUSKRWRPHDVXUHPHQWV
 TXDOLW\RIWKH*166VLJQDO
 TXDOLW\DQGGHQVLW\RIJURXQGFRQWUROV
 TXDOLW\RIWKHDHULDOWULDQJXODWLRQVROXWLRQ
 FDSDELOLW\RIWKHSURFHVVLQJVRIWZDUHWRKDQGOH*166GULIWDQGVKLIW
 FDSDELOLW\RIWKHSURFHVVLQJVRIWZDUHWRKDQGOHFDPHUDVHOIFDOLEUDWLRQ
 GLJLWDOWHUUDLQPRGHOXVHGIRUWKHSURGXFWLRQRIRUWKRLPDJHU\
7KHVHIDFWRUVFDQYDU\ZLGHO\IURPSURMHFWWRSURMHFWGHSHQGLQJRQWKHVHQVRUXVHGDQGVSHFLILFPHWKRGRORJ\
)RU WKHVH UHDVRQV H[LVWLQJDFFXUDF\PHDVXUHVEDVHGRQPDS VFDOH ILOPVFDOHJURXQG VDPSOHGLVWDQFH *6' F
IDFWRUDQGVFDQQLQJUHVROXWLRQQRORQJHUDSSO\WRFXUUHQWJHRVSDWLDOPDSSLQJSUDFWLFHV
3RVLWLRQDODFFXUDF\RIGLJLWDORUWKRLPDJHU\ZKLFKDUHLQGHSHQGHQWRI*6'PDSVFDOHRUFRQWRXULQWHUYDODOVR
GHSHQGVRI
 GLJLWDOHOHYDWLRQGDWDDFFXUDF\
 DHULDOWULDQJXODWLRQDFFXUDF\
 JURXQGFRQWUROSRLQWV¶DFFXUDF\
 UHTXLUHGQXPEHUDQGVSDWLDOGLVWULEXWLRQRI4$4&FKHFNSRLQWVEDVHGRQSURMHFWDUHD
8$9 3KRWRJUDPPHWU\ GHVFULEHV SKRWRJUDPPHWULF PHDVXUHPHQW SODWIRUPV ZKLFK RSHUDWH DV HLWKHU UHPRWHO\
FRQWUROOHGVHPLDXWRQRPRXVO\RUDXWRQRPRXVO\DOOZLWKRXWDSLORWVLWWLQJLQWKHSODWIRUPDQGWKHSKRWRJUDPPHWULF
SURFHVVLQJ RI8$9 LPDJHV 7KH EURDG GHILQLWLRQ FRYHUV EDOORRQV NLWHV JOLGHUV DLUVKLSV URWDU\ DQG IL[HGZLQJ
8$9VZLWK WKH FDSDELOLW\ IRU SKRWRJUDPPHWULF GDWD DFTXLVLWLRQ LQPDQXDO VHPLDXWRPDWHG DQG DXWRPDWHG IOLJKW
PRGH+HQUL(LVHQEHLVV
8$9 WHFKQRORJ\ KDV EHHQ XWLOL]HG LQ URDG PDLQWHQDQFH WRZQ SODQQLQJ PRQLWRULQJ QDWXUDO KD]DUG ZDUQLQJ
HQYLURQPHQWDOVWXGLHVGRFXPHQWDWLRQRIFXOWXUDOKHULWDJHDQGVXUYHLOODQFHHWF3UHYLRXVVWXGLHVRQ8$9KDYHEHHQ
H[SORUHGE\QXPHURXVUHVHDUFKHUVHVSHFLDOO\RQVHQVLWLYLW\RI8$9WRORFDWHSRLQWRIPHDVXUHPHQWRQWKHJURXQG
3RVLWLRQDODFFXUDF\PHDQV WKHDFFXUDF\RI WKHSRVLWLRQRI IHDWXUHV LQFOXGLQJKRUL]RQWDODQGYHUWLFDOSRVLWLRQV
ZLWKUHVSHFWWRKRUL]RQWDODQGYHUWLFDOGDWXPV3RVLWLRQDODFFXUDF\LVDSURGXFWRIWKHHQWLUHGURQHV\VWHPDLUFUDIW
VHQVRUVRSHUDWLRQDQGSURFHVVLQJVRIWZDUHQRWDQ\VLQJOHFRPSRQHQW
,WPDWWHUVYHU\OLWWOHZKDWWKHGURQHYHQGRUVD\VDERXWWKHSRVLWLRQDODFFXUDF\RILWVSURGXFWV$FRPELQDWLRQRI
IDFWRUVDQGVHOGRPDVLQJOHIDFWRUDIIHFWV WKHSRVLWLRQDODFFXUDF\RIDQRUWKRSKRWR'(0RURWKHUGHULYDWLYHRI
UHPRWHO\VHQVHGGDWD3RRURSHUDWLRQRIWKHEHVWGURQHFDQYLWLDWHWKHSRVLWLRQDODFFXUDF\RIDGHOLYHUDEOH,IDGURQH
PDQXIDFWXUHU FODLPV WKHLU FDPHUD LV DFFXUDWH WR WZR SL[HOV IRU DQ\ JLYHQ JURXQG VDPSOH GLVWDQFH *6' WKH
UHVXOWDQWSRVLWLRQDODFFXUDF\IRUWKHRUWKRSKRWRLVGHSHQGHQWRQHDFKRIWKHIROORZLQJIDFWRUV
 WKHFDPHUDVLQKHUHQWSRWHQWLDODFFXUDF\
 WKHVWDELOLW\RIWKHIOLJKW
 WKHTXDOLW\RIWKH*166GDWD
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 WKHTXDOLW\RIWKHLQHUWLDOV\VWHPLIWKHGURQHHYHQXVHV,16,08
 WKHTXDOLW\RIWKH'(0XVHGWRPDNHWKHRUWKRSKRWR
 WKHW\SHDQGTXDOLW\RISURFHVVLQJRIWKHUDZLPDJHU\LQWRDQRUWKRSKRWRWKLVIDFWRUDORQHKDVVHYHUDO
LPSRUWDQWVRXUFHVRIHUURUIURPD³UDZ´WR³ILQLVKHG´SURGXFW
 WKHQXPEHUDQGTXDOLW\RIJURXQGFRQWUROSRLQWV
(DFKIDFWRUFRQWULEXWHVVRPHHUURUWRWKHXOWLPDWHSRVLWLRQDODFFXUDF\RIWKHILQDOSURGXFW7KHVXPRIDOOHUURUV
GHWHUPLQHVWKHPHDVXUDEOHSRVLWLRQDODFFXUDF\
0DWHULDOVDQGPHWKRGV
7KHGDWDFROOHFWHGIURP$63563RVLWLRQDO$FFXUDF\6WDQGDUGVIRU'LJLWDO*HRVSDWLDO'DWDKDYHEHHQSURFHVVHG
DQG LQWHUSUHWHG IRU SRVLWLRQDO DFFXUDF\ZLWK UHVSHFW WR KRUL]RQWDO DQG YHUWLFDO GDWXP¶V DQG IRU WKH RUWKRSKRWRV
REWDLQHGZLWKXQPDQQHGDHULDOYHKLFOHV8$9VIRUGLIIHUHQWFLYLOHQJLQHHULQJSXUSRVHV
5HVXOWVDQGGLVFXVVLRQV
7KHFDPHUDFRRUGLQDWHV\VWHPGHSHQGVRQWKHRULHQWDWLRQRI WKHFDPHUDPRXQWHGRQWKH8$9,QWKHVWDQGDUG
FRQILJXUDWLRQWKH;D[LVRIWKHFDPHUDLVPRXQWHGSDUDOOHOWRWKHERZGLUHFWLRQRIWKH8$9IOLJKWGLUHFWLRQWKH=
D[LV LV SDUDOOHO WR WKH DFTXLVLWLRQ D[LVZLWK WKH QRUPDO WR WKH EDVHOLQH DQG WKH<D[LV FRPSOHWHV WKH ULJKWKDQG
FRRUGLQDWHV\VWHP7KHFHQWUHRIRULJLQLVGHILQHGE\WKHSURMHFWLRQFHQWHURIWKHFDPHUD
*166 PHDVXUHPHQWV RQ WKH 8$9 XVH WKH :*6¶ :RUOG *HRGHWLF 6\VWHP  ZKLFK LV D JHRFHQWULF
FRRUGLQDWH V\VWHP7KH FHQWUH RI JUDYLW\ UHVXOWV IURP WKH JOREDO HTXLSRWHQWLDOPRGHO RI WKH(DUWK7KH;D[LV LV
GHILQHGWKURXJKWKHLQWHUVHFWLRQSRLQWRI]HURPHULGLDQDQGWKHHTXDWRUWKH=D[LVLVHTXDOWRWKHURWDWLRQD[LVRIWKH
(DUWKZKLOHPRYHPHQWVRIWKHSROHDUHWDNHQLQWRDFFRXQWWKH<D[LVFRPSOHWHVDULJKWKDQGHGFRRUGLQDWHV\VWHP
1HZ SUDFWLWLRQHUV RI 8$9V EDVHG UHPRWH VHQVLQJ DQG PDSSLQJ QHHG WR XQGHUVWDQG WKH IXQGDPHQWDOV RI
SKRWRJUDPPHWU\UHPRWHVHQVLQJDQGPDSSLQJ7\SLFDOSURGXFWVOLNHRUWKRSKRWRVGLJLWDOHOHYDWLRQPRGHOV'(0
FRQWRXUV FURVVVHFWLRQV DQG ' PRGHOV GHSHQG RQ WKLV XQGHUVWDQGLQJ 8QDZDUHQHVV RU LJQRUDQFH RI WKHVH
IXQGDPHQWDOV LV FHUWDLQ WR FDXVH FRQVLGHUDEOH SDLQ ILQDQFLDO ORVV DQG FRPSURPLVHV WR SXEOLF VDIHW\ 7KLV SDSHU
LQWURGXFHVWKHIXQGDPHQWDOVRISRVLWLRQDODFFXUDF\WRKHOSQHZSUDFWLWLRQHUVSURYLGHWKHVHVHUYLFHVFRQVLVWHQWZLWK
SURIHVVLRQDO DFFXUDF\ VWDQGDUGV )RU H[DPSOH PDQ\ QHZ SUDFWLWLRQHUV RI 8$9V GLG QRW NQRZ ZKDW ³JURXQG
FRQWURO´ZDV RU KRZ WR XVH LW WR HVWDEOLVK SRVLWLRQDO DFFXUDF\ 7KLV ODFN RI IDPLOLDULW\ LV QRW XQFRPPRQ DPRQJ
QRYLFHV7KH\PD\QRWNQRZWKDWSRVLWLRQDODFFXUDF\UHTXLUHPHQWVDUHQHHGHGRUWKDWWKH\DUHRIWHQDVVXPHGE\WKH
FOLHQW7KH\PD\QRWNQRZKRZWRGLVFXVVSRVLWLRQDODFFXUDF\ZLWKWKHLUFOLHQWVDQGKRZWRPHDVXUHWKHSRVLWLRQDO
DFFXUDF\RIWKHLUSURGXFWV:HFRQVLGHUWKDWDSSUR[LPDWHDQGULJRURXVPHWKRGVIRUGHWHUPLQLQJH[WHULRURULHQWDWLRQ
SDUDPHWHUVLQDHULDODQGWHUUHVWULDOSKRWRJUDPPHWU\DUHYHU\XVHIXO$OZD\VDVULJRURXVDGMXVWPHQWPHWKRGVPXVW
EHXVHGWKHWKUHHIXQGDPHQWDOJHRPHWULFDOFRQGLWLRQVLQSKRWRJUDPPHWU\FROOLQHDULW\FRSODQDULW\DQGFRDQJXODULW\
*DEULHO3RSHVFX*DEULHO3RSHVFX6*(0
$OODFTXLUHGLPDJHVZLWKDGLJLWDOFDPHUDDWWDFKHGDWWKHERWWRPRID8$9LQRUGHUWRFDSWXUHLPDJHYHUWLFDOO\
PXVW EH SURFHVVHG XVLQJ SKRWRJUDPPHWULF VRIWZDUH ZKLFK LQYROYHG LQWHULRU RULHQWDWLRQ H[WHULRU RULHQWDWLRQ DQG
DHULDOWULDQJXODWLRQ,QWHULRURULHQWDWLRQQHHGVLQSXWIURPFDPHUDGDWDEDVHDQGH[WHULRURULHQWDWLRQLQYROYHVFRQWURO
SRLQWV DQG WLHSRLQWVPHDVXUHPHQW7KHJURXQG FRQWURO SRLQWV DQG FKHFNSRLQWVPXVW EH HVWDEOLVKHG HYHQO\ DW WKH
VHOHFWHGVWXG\DUHDXVLQJ5HDO7LPH.LQHPDWLF*OREDO1DYLJDWLRQ6DWHOOLWH6\VWHP57.*166
$ GLUHFW JHRUHIHUHQFLQJ V\VWHP IRU8$9SKRWRJUDPPHWU\ UHTXLUHV DV VHQVRUV D VXUYH\JUDGH GXDO IUHTXHQF\
HPEHGGHG*166UHFHLYHUDQGDQWHQQDWRDFKLHYH57.SRVLWLRQDFFXUDFLHVRIDIHZFHQWLPHWUHVSOXVPLFURHOHFWUR
PHFKDQLFDOV\VWHPDFFHOHURPHWHUVDQGJ\URVRIVXIILFLHQWTXDOLW\WRREWDLQRULHQWDWLRQDFFXUDFLHVRQWKHRUGHURID
IHZWHQWKVRIDGHJUHHLQSRVWSURFHVVLQJ*DEULHO3RSHVFXHWDO6*(0
)RUWKLVUHDVRQZHFRQVLGHUWRSUHVHQWIHZLPSRUWDQWFRQVLGHUDWLRQVDERXWWKHUHVXOWDQWSRVLWLRQDODFFXUDF\IRU
WKHRUWKRSKRWRVREWDLQHGZLWKXQPDQQHGDHULDOYHKLFOH8$9XVLQJWKHQHZVWDQGDUGRIWKH$PHULFDQ6RFLHW\RI
3KRWRJUDPPHWU\ DQG 5HPRWH 6HQVLQJ $6356 ZKLFK LV WKH PDMRU ³VWDQGDUGV ERG\´ IRU WKLV SURIHVVLRQ 7KHLU
6WDQGDUGVIRU*HRVSDWLDO'DWDUHIOHFWWKHUHDOLWLHVRIQHZVHQVRUVDQGGLJLWDOGDWD7KH\DUH³VFDOHDQGWHFKQRORJ\
DJQRVWLF´7KDW LV WKHVWDQGDUGVDSSO\WRGDWDSURGXFHGDWDQ\VFDOHXVLQJDQ\NLQGRIVHQVRU WRGD\RU WRPRUURZ
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7KH\ FDQ EH XVHG WRPHDVXUH DQG UHSRUW WKH SRVLWLRQDO DFFXUDF\ RI JHRVSDWLDO SURGXFWV OLNH RUWKRSKRWRV'(0V
'60V'PRGHOVFRQWRXUVWRSRJUDSKLFPDSSLQJHWF
3URGXFWVZLWKJRRGFRQVLVWHQWSRVLWLRQDODFFXUDF\FDQEHDQLPSRUWDQWGLIIHUHQWLDWRUIRUDGURQHEDVHGUHPRWH
VHQVLQJEXVLQHVV8QIRUWXQDWHO\DPDLQFRVWGULYHURIJHRVSDWLDOSURGXFWVLVSRVLWLRQDODFFXUDF\0RUHDFFXUDWHGDWD
ZLOOJHQHUDOO\EHPRUHH[SHQVLYHWKDQOHVVDFFXUDWHGDWD3URILWDELOLW\LVKLJKHVWZKHQWKHUHTXLUHGDFFXUDF\LVQRW
³RYHUHQJLQHHUHG´DQGGULYHVXSFRVWV
%HVWSRVVLEOHSRVLWLRQDODFFXUDF\WRGD\KDVHUURURIWRSL[HOV506( SL[HOV
$VVXPLQJEHVWSUDFWLFHVZLWKDGURQHXVLQJDPHWULFFDPHUDPRVWGURQHVGRQRWKDYHDPHWULFFDPHUDKLJK
TXDOLW\ JURXQG FRQWURO DQG VROLG SURGXFWLRQ SURFHGXUHV DOO GLIILFXOW WR DFKLHYH FRQVLVWHQWO\ WKH EHVW SRVVLEOH
DFFXUDF\IRURUWKRSKRWRPDSVZRXOGKDYHDURRWPHDQVTXDUHHUURU506( WR3L[HOV*6'*URXQGVDPSOH
GLVWDQFH*6'LVWKHOLQHDUGLPHQVLRQRIDVDPSOHSL[HO¶VIRRWSULQWRQWKHJURXQG:LWKLQWKLVSDSHU*6'LVXVHG
ZKHQUHIHUULQJ WR WKHFROOHFWLRQ*6'RI WKH UDZ LPDJHDVVXPLQJQHDUYHUWLFDO LPDJHU\7KHDFWXDO*6'RIHDFK
SL[HOLVQRWXQLIRUPWKURXJKRXWWKHUDZLPDJHDQGYDULHVVLJQLILFDQWO\ZLWKWHUUDLQKHLJKWDQGRWKHUIDFWRUV:LWKLQ
WKLVSDSHU*6'LVDVVXPHGWREHWKHYDOXHFRPSXWHGXVLQJWKHFDOLEUDWHGFDPHUDIRFDO OHQJWKDQGFDPHUDKHLJKW
DERYH DYHUDJH KRUL]RQWDO WHUUDLQ )RU H[DPSOH LI ZH XVH 3HQWD&DP RQ D8$9 DQG 3L[' VRIWZDUH IRU D JRRG
DFFXUDF\ZHPXVWNHHSDFFRXQWRI
 WKHRULJLQDOFDPHUDFDOLEUDWLRQSDUDPHWHUVSURYLGHGE\WKHFRPSDQ\WKDWDFTXLUHGWKHGDWD
 WKH*&3VDQG&3VLPDJHFRRUGLQDWHVFROOHFWHGXVLQJWKH3L['VRIWZDUH*&3VDQG&3VFRRUGLQDWHVDUH
H[SUHVVHGLQSL[HOFRRUGLQDWHV\VWHPZLWKRXWDQ\FRUUHFWLRQRIWKH3ULQFLSDO3RLQW33SRVLWLRQ
 WKH FRUUHVSRQGLQJ3L['FDPHUD FDOLEUDWLRQ¶VSDUDPHWHUV DUH UHFRUGHG LQ WKH ILOH FDPHUD FDOLEUDWLRQ
7KLVLQIRUPDWLRQKRZHYHULVRQO\LPSRUWDQWLQFDVHWKDWWKHGHFLVLRQLVQRWWRSHUIRUPDVHOIFDOLEUDWLRQ
5HIHUULQJ WR 506( UHVXOWV WKH GLIIHUHQFHV EHWZHHQ IL[HG ZLQJ 8$9V DQGPXOWLURWRU 8$9V DUH DOPRVW WKH
VDPH7KHPXOWLURWRU8$9JLYHEHWWHUUHVXOWVFRPSDUHGWRWKHIL[HGZLQJ8$9%RWK8$9VUHVXOWVZHUHUHFRUGHG
VXEPHWHUOHYHOZLWKUHVSHFWWR[\DQG]FRRUGLQDWHV,QDYHUDJHWKHGLIIHUHQFHEHWZHHQIL[HGZLQJDQGPXOWLURWRU
8$9LVOHVVWKDQFHQWLPHWUHV
7RGD\IO\LQJD8$9ZLWKDQRQPHWULFFDPHUDDQGZLWKRXWDQ\JURXQGFRQWUROSRLQWVLWLVLPSRVVLEOHWRDFKLHYH
JRRGOHYHOVRIDFFXUDF\
&RPPRQKRUL]RQWDODFFXUDF\FODVVHVDFFRUGLQJWRWKHQHZ$6356VWDQGDUGDUHSUHVHQWHGEHORZLQ7DEOH
7DEOH&RPPRQKRUL]RQWDODFFXUDF\FODVVHVDFFRUGLQJWRWKHQHZ$6356VWDQGDUG$6356
+RUL]RQWDO$FXXUDF\&ODVV506([
DQG506(\FP
506(UFP 2UWKRLPDJH0RVDLF6HDPOLQH
0D[LPXP0LVPDWFKFP
+RUL]RQWDO$FFXUDF\DWWKH
&RQILGHQFH/HYHOFP
   
   
   
   
   
   
   
   
   
   
   
   
   
   
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   
   
   
   
   
   
   
   
   
   

5HFRPPHQGHGQXPEHURIFKHFNSRLQWVEDVHGRQDUHDLVSUHVHQWHGEHORZLQ7DEOH
7DEOH5HFRPPHQGHGQXPEHURIFKHFNSRLQWVEDVHGRQDUHD$6356
3URMHFW$UHD
6TXDUH
.LORPHWHUV
+RUL]RQWDO$FFXUDF\7HVWLQJRI
2UWKRLPDJHU\DQG3ODQLPHWULFV
9HUWLFDODQG+RUL]RQWDO$FFXUDF\7HVWLQJRI(OHYDWLRQ'DWDVHWV
7RWDO1XPEHURI6WDWLF''&KHFN
3RLQWVFOHDUO\GHILQHGSRLQWV
1XPEHURI6WDWLF'
&KHFN3RLQWVLQ19$
1XPEHURI6WDWLF'
&KHFN3RLQWVLQ99$
1XPEHURI6WDWLF
'&KHFN3RLQWV
    
    
    
    
    
    
    
    
    

,Q7DEOHLVVSHFLILHGWKHSULPDU\KRUL]RQWDODFFXUDF\VWDQGDUGIRUGLJLWDOGDWDLQFOXGLQJGLJLWDORUWKRLPDJHU\
GLJLWDOSODQLPHWULFGDWDDQGVFDOHGSODQLPHWULFPDSV7KLVVWDQGDUGGHILQHVKRUL]RQWDODFFXUDF\FODVVHVLQWHUPVRI
WKHLU506([DQG506(\YDOXHV:KLOHSULRU$6356VWDQGDUGVXVHGQXPHULFDOUDQNVIRUGLVFUHWHDFFXUDF\FODVVHV
WLHGGLUHFWO\WRPDSVFDOHLH&ODVV&ODVVHWFPDQ\PRGHUQDSSOLFDWLRQVUHTXLUHPRUHIOH[LELOLW\WKDQWKHVH
FODVVHVDOORZHG)XUWKHUPRUHPDQ\DSSOLFDWLRQVRIKRUL]RQWDODFFXUDF\FDQQRWEHWLHGGLUHFWO\WRFRPSLODWLRQVFDOH
UHVROXWLRQRIWKHVRXUFHLPDJHU\RUILQDOSL[HOUHVROXWLRQ
5RRWPHDQVTXDUH HUURU 506( UHSUHVHQW WKH VTXDUH URRW RI WKH DYHUDJH RI WKH VHW RI VTXDUHG GLIIHUHQFHV
EHWZHHQ GDWD VHW FRRUGLQDWH YDOXHV DQG FRRUGLQDWH YDOXHV IURP DQ LQGHSHQGHQW VRXUFH RI KLJKHU DFFXUDF\ IRU
LGHQWLFDOSRLQWV
7DEOH+RUL]RQWDODFFXUDF\VWDQGDUGVIRUJHRVSDWLDOGDWD$6356
+RUL]RQWDO
$FFXUDF\
&ODVV
FP
$EVROXWH$FFXUDF\
2UWKRLPDJHU\0RVDLF
6HDPOLQH0LVPDWFKFP506([DQG506(\
FP
506(U
FP
+RUL]RQWDO$FFXUDF\DW
&RQILGHQFH/HYHOFP
; ; ; ; ;
)RUH[DPSOHIRU; FP
    
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,QWKH7DEOHDEVROXWHDFFXUDF\LVDPHDVXUHWKDWDFFRXQWVIRUDOOV\VWHPDWLFDQGUDQGRPHUURUVLQDGDWDVHWDQG
LQ 7DEOH  LV SUHVHQWHG GLJLWDO RUWKRLPDJHU\ DFFXUDF\ H[DPSOHV IRU FXUUHQW ODUJH DQG PHGLXP IRUPDW PHWULF
FDPHUDV
7KH RUWKRLPDJHU\ SL[HO VL]HV DQG DVVRFLDWHG 506([ DQG 506(\ DFFXUDF\ FODVVHV SUHVHQWHG LQ 7DEOH  DUH
ODUJHO\EDVHGRQH[SHULHQFHZLWKFXUUHQWVHQVRUWHFKQRORJLHVDQGSULPDULO\DSSO\WRODUJHDQGPHGLXPIRUPDWPHWULF
FDPHUDV7KHWDEOHLVRQO\SURYLGHGDVDJXLGHOLQHIRUXVHUVGXULQJWKHWUDQVLWLRQSHULRGWRWKHQHZVWDQGDUG7KHVH
DVVRFLDWLRQVPD\FKDQJHLQWKHIXWXUHDVPDSSLQJWHFKQRORJLHVFRQWLQXHWRDGYDQFHDQGHYROYH$6356
7DEOH'LJLWDORUWKRLPDJHU\DFFXUDF\H[DPSOHVIRUFXUUHQWODUJHDQGPHGLXPIRUPDWPHWULFFDPHUDV
&RPPRQ2UWKRLPDJH
3L[HO6L]HV
5HFRPPHQGHG+RUL]RQWDO$FFXUDF\
&ODVV506([DQG506(\FP
2UWKRLPDJH506([DQG
506(\LQWHUPVRISL[HOV 5HFRPPHQGHGXVH
FP
 SL[HO +LJKHVWDFFXUDF\ZRUN
 SL[HOV 6WDQGDUG0DSSLQJDQG*,6ZRUN
 SL[HOV 9LVXDOL]DWLRQDQGOHVVDFFXUDWHZRUN
FP
 SL[HO +LJKHVWDFFXUDF\ZRUN
 SL[HOV 6WDQGDUG0DSSLQJDQG*,6ZRUN
 SL[HOV 9LVXDOL]DWLRQDQGOHVVDFFXUDWHZRUN
FP
 SL[HO +LJKHVWDFFXUDF\ZRUN
 SL[HOV 6WDQGDUG0DSSLQJDQG*,6ZRUN
 SL[HOV 9LVXDOL]DWLRQDQGOHVVDFFXUDWHZRUN
FP
 SL[HO +LJKHVWDFFXUDF\ZRUN
 SL[HOV 6WDQGDUG0DSSLQJDQG*,6ZRUN
 SL[HOV 9LVXDOL]DWLRQDQGOHVVDFFXUDWHZRUN
FP
 SL[HO +LJKHVWDFFXUDF\ZRUN
 SL[HOV 6WDQGDUG0DSSLQJDQG*,6ZRUN
 SL[HOV 9LVXDOL]DWLRQDQGOHVVDFFXUDWHZRUN
FP
 SL[HO +LJKHVWDFFXUDF\ZRUN
 SL[HOV 6WDQGDUG0DSSLQJDQG*,6ZRUN
 SL[HOV 9LVXDOL]DWLRQDQGOHVVDFFXUDWHZRUN
&RQFOXVLRQV
$XWRQRPRXVO\IO\LQJ8$9VRIIHUWKHSRWHQWLDOIRUDXWRPDWHGGDWDDFTXLVLWLRQRIFRPSOH[REMHFWV+RZHYHUWKH
LPSOHPHQWDWLRQ RI HIILFLHQW GDWD DFTXLVLWLRQ DQG SURFHVVLQJ WHFKQLTXHV DYRLGLQJ FROOLVLRQ ZLWK REMHFWV DQG
UHTXLULQJQHDUUHDOWLPHSURFHVVLQJPDNHVWKHGHYHORSPHQWRIDVSHFLDOIOLJKWSODQQLQJWRRODQGLWVLQWHJUDWLRQLQWR
WKHIOLJKWFRQWUROV\VWHPDEVROXWHO\PDQGDWRU\7KLVZRUNHYDOXDWHVWKHGDWDSURFHVVLQJFDSDELOLWLHVRIFRPPHUFLDO
VRIWZDUHSDFNDJHVIRU8$9LPDJHSURFHVVLQJ1HZO\GHYHORSHGWRROVVXFKDV8$9IOLJKWSODQQLQJDUHSUHVHQWHG
WKDW DXWRPDWH WKH GDWD SURFHVVLQJ VKRUWLQJ WKH SURFHVVLQJ WLPH DQG UHGXFLQJ WKH RYHUDOO SURFHVVLQJ HIIRUW
&RPSOHPHQWLQJ LPDJH GDWD D /L'$5 V\VWHP FDQ EH LQWHJUDWHG LQWR WKH8$9SODWIRUP LQ RUGHU WR LPSURYH WKH
TXDOLW\RIWKHH[WUDFWHGHOHYDWLRQPRGHO+HQUL(LVHQEHLVV
7KHH[WUDFWLRQRIWKHWHUUDLQRUWKRLPDJHVDQGWH[WXUHG'PRGHOVIURP8$9LPDJHVRURWKHUVHQVRUGDWDFDQEH
DSSOLHG WRDOONLQGVRIKD]DUGVFDWDVWURSKLFRUHQYLURQPHQWDOGLVDVWHUV LQDQ\FRXQWU\ LQRUGHU WR LQVWUXFWDQG WR
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FRRUGLQDWHXUJHQWUHVSRQVHPHDVXUHVVXFKDVEXLOGLQJFROODSVHDLUFUDIWDFFLGHQWVVHDUFKDQGUHVFXHRSHUDWLRQVILUH
FRPEDW FURS GDPDJHV ODQGVOLGHV DQG YROFDQR RXWEXUVW )XUWKHU DSSOLFDWLRQV LQFOXGH ' GRFXPHQWDWLRQ RI WKH
HQYLURQPHQWFXOWXUDOKHULWDJHVLWHVVXUYH\LQJRISRZHUOLQHVSLSHOLQHLQVSHFWLRQGDPPRQLWRULQJDQGUHFRUGLQJRI
FDGDVWUDO GDWD 7KHPDLQ DGYDQWDJH LV WR SURYLGH GHWDLOHG DUHD LQIRUPDWLRQ DQG DUHD SURILOHV IRU IXUWKHU GHWDLOHG
PLVVLRQSODQQLQJDQG WRIDFLOLWDWHTXLFNUHVSRQVH WLPHV7\SLFDOFXVWRPHUVRIVXFK LQFOXGHQRWRQO\FLYLO VHFXULW\
VHUYLFHVEXWDOVRPDSSLQJDJHQFLHVUHDOHVWDWHFRPSDQLHVDQGHQYLURQPHQWDORUJDQL]DWLRQV
,Q FRQFOXVLRQ WKH HPHUJLQJ WHFKQRORJ\ WKDW DSSHDUV WR PHHW WKH FKDOOHQJLQJ DQG VRPHWLPHV FRQIOLFWLQJ
UHTXLUHPHQWVRIGLUHFWJHRUHIHUHQFLQJDFFXUDF\VL]HZHLJKWSRZHUFRQVXPSWLRQDQGFRVWLVDQHZJHQHUDWLRQRI
*166DLGHG,16SURGXFWVXVLQJPLFURHOHFWURPHFKDQLFDOV\VWHPDFFHOHURPHWHUVDQGJ\URV
53$68$93KRWRJUDPPHWU\ LV HPHUJLQJ DV DQ DOWHUQDWLYHPHWKRG RI DFTXLULQJ SKRWRJUDPPHWU\ GDWD WR WKH
WUDGLWLRQDO V\VWHPVXVLQJ IXOOVL]HPDQQHGDLUFUDIW7KHVHPLFUR DQGPLQLXQPDQQHGDHULDO V\VWHPVKDYH HYROYHG
IURPUHODWLYHO\ORZFRVWHOHFWULFPRGHODLUFUDIW WHFKQRORJLHVLQWRSXUSRVHGHVLJQHGDXWRQRPRXVO\JXLGHGVHQVRU
SODWIRUPVWKDWDUHFDSDEOHRIFRVWHIIHFWLYHLPDJHDFTXLVLWLRQVXLWDEOHIRUSKRWRJUDPPHWU\SURFHVVLQJRYHUVPDOO
DUHDV*DEULHO3RSHVFXHWDO6*(0
$LUERUQHKLJK UHVROXWLRQREOLTXH LPDJHU\ V\VWHPVDQG53$68$9V DUHYHU\SURPLVLQJ WHFKQRORJLHV WKDWZLOO
NHHS RQ LQIOXHQFLQJ WKH GHYHORSPHQW RI JHRPDWLFV LQ WKH IXWXUH \HDUV FORVLQJ WKH JDS EHWZHHQ WHUUHVWULDO DQG
FODVVLFDO DHULDO DFTXLVLWLRQV 7KHVH WZR SODWIRUPV DUH DOVR D SURPLVLQJ VROXWLRQ IRU 5RPDQLDQ JRYHUQPHQWDO
DJHQFLHVDVLWDOORZGHULYLQJFRPSOHPHQWDU\PDSSLQJLQIRUPDWLRQ
$VJURXQGWUXWK7HUUHVWULDO/DVHU6FDQQLQJ7/6$HULDO/DVHU6FDQQLQJ$/6DVZHOODVWRSRJUDSKLFQHWZRUNV
DQG*166SRLQWVFDQEHDFTXLUHGWRFRPSDUH'FRRUGLQDWHVRQFKHFNSRLQWV&3VDQGHYDOXDWHFURVVVHFWLRQVDQG
UHVLGXDOVRQJHQHUDWHGSRLQWFORXGVXUIDFHV
$OWKRXJK D FRPELQDWLRQ RI WKHVH GLIIHUHQW NLQGV RI GDWD DQG LPDJHV VHHPV DWWUDFWLYH D IXOO\ DXWRPDWLF DQG
ULJRURXVJHRPHWULFSURFHVVLQJRIGDWDVHWVFDSWXUHGIURPGLIIHUHQWLPDJLQJSODWIRUPVDWGLIIHUHQWVFDOHDQGFRYHULQJ
GLIIHUHQWSHUVSHFWLYHVRIWKHWDUJHWREMHFWLVVRIDUVSRUDGLFDOO\WUHDWHG6KDQ4HWDO
$FNQRZOHGJHPHQWV
7KH DXWKRUV WKDQNV WR WKH 8QLYHUVLW\ RI $JURQRPLF 6FLHQFHV DQG 9HWHULQDU\ 0HGLFLQH IURP %XFKDUHVW WKDW
RIIHUHG WKHP WKHSRVVLELOLW\ WRSUHVHQW WKHVH VWDQGDUGLVHG WKHRUHWLFDOO\DQGSUDFWLFDOFRQVLGHUDWLRQV VKRZQDERYH
DERXW WKHUHVXOWDQWSRVLWLRQDODFFXUDF\IRU WKHRUWKRSKRWRVREWDLQHGZLWK8$9VXVHIXO IRUSUDFWLWLRQHUVRI8$9V
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